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1 

MATERIAL DEPOSITION 

This invention relates to material deposition, for example as a film or layer 
on a substrate, or as a powder. 
5 The applications of materials such as ceramics as structural coatings and 

functional electronic films are expanding rapidly. Various deposition techniques such 
as chemical vapour deposition (CVD), physical vapour deposition (PVD), flame 
spraying deposition (FSD), combustion chemical vapour deposition (CCVD) and sol- 
gel deposition have been developed or investigated. 
10 Both CVD and PVD involve the use of sophisticated and expensive deposition 

chambers and/or vacuum systems. Applications of CVD and PVD methods to 
ceramic films are limited to coating processes in which the available film thickness 
and coating areas are relatively small. 

It is often difficult to control the stoichiometry of multicomponent oxide films 
15 with CVD, and problems can also arise due to differences in vapour pressure of the 

CVD reagents and the low growth rate of the CVD films. 

PVD methods such as radio frequency (RF) sputtering tend to give low 
deposition rates and poor yields. Reactive magnetic sputtering and ion beam 
sputtering need expensive equipment and skilled operators. 
20 Flame synthesis deposition produces films with morphology, microstructure 

and electrical properties dependent on the temperature of the substrate, the coating 
concentration, the carrier gas flow rate and so on. Control of all of these variables 
to achieve a desired coating is difficult. 

This invention addresses these problems by providing a deposition technique 
25 which at least alleviates some of the disadvantages of the prior art. 

This invention provides a method (and a corresponding apparatus) for 
depositing a material on a substrate, the method comprising the steps of: 

(a) passing a precursor liquid through an outlet to generate a stream of 
droplets of the precursor liquid directed towards the substrate; 
30 (b) applying an electric field between the outlet and the substrate; and 

(c) generating a flame between the outlet and the substrate so that at least 
a portion of the stream of droplets of the precursor liquid from the 
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outlet pass through the flame before reaching the substrate. 
The invention provides a new technique which, in at least preferred 
embodiments, involves spraying atomised precursor droplets into a flame while 
providing an electric field between the precursor outlet and the substrate, so that the 
5 precursor forms a charged aerosol which undergoes combustion and/or chemical 

reactions in the vapour phase in the vicinity of the substrate This can result in the 
formation of a stable solid film with good adhesion onto the substrate. 

The invention will now be described, by way of example only, with reference 
to the accompanying drawings, throughout which like parts are described by like 
10 references and in which Figure 1 is a schematic diagram of a deposition apparatus. 

Figure 1 schematically illustrates a deposition apparatus comprising a coaxial 
nozzle assembly 10 having a liquid precursor delivery capillary 20, a first coaxial 
passage 30 for cold air, nitrogen or other gases, and a second coaxial passage 40 for 
liquid or gaseous fuel. 

15 The precursor can be, for example, one of the precursors listed in 

W097/21848, with or without the catalyst described in that document. Many other 
precursors can be used as appropriate for the desired deposition, such as precursors 
known from the field of flame synthesis deposition (see publication reference 1). 

The fuel may be a mixture of oxygen and acetylene, or another appropriate 

20 fuel such as fuels known from the field of flame synthesis deposition. 

A high voltage source 45 maintains an electric field between the nozzle 
assembly 10 and a substrate 50. The potential difference between these two parts 
may be, for example, within the approximate ranges described in W097/21848, such 
as in the approximate range of 5 - 30 kV. 

25 The precursor liquid is sprayed towards a region 55 of the substrate 50 from 

an outlet 60 of the capillary 20. The fuel is ignited so that an annular combustion 
region 70 is generated. The extent of this combustion region can be controlled by 
controlling the fuel flow rate, the distance between the nozzle assembly 10 and the 
substrate 50, the amount and flow rate of cold gases in the passage 30, and the 

30 applied electric field. 

Decomposition and/or chemical reaction of the precursor (e.g. a sol to gel 
transition) occurs in a higher temperature region of overlap between the spray of 
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precursor from the outlet 60 and the combustion region 70. Deposition occurs in or 
beneath this overlap zone. So, by controlling the extent of the combustion region as 
described above, the deposition on the substrate can be controlled, and premature 
reaction or decomposition can be avoided (a problem in many prior art flame 
deposition techniques, leading to non-uniform deposition). 

Either polarity of electric field can be used, or a periodically or occasionally 
alternating field can be employed. A thermocouple can be used to monitor the 
temperature of the substrate. 

An optional mesh 90 helps to remove soot from the flame and so help to 
provide a high temperature (blue) flame. 

A further optional annular electrode connectable to the high voltage supply 45 
at an intermediate potential between that of the nozzle and that of the substrate can 
be used to steer the deposition onto a required area. 

The technique is also applicable to premixed fuel and precursor systems. 
However, non premixed systems are preferred as this gives greater control of the 
deposition temperature and helps to avoid premature decomposition. 

The technique can be used to manufacture metal oxide and non-oxide 
materials; to fabricate pure, doped, multicomponent or multiphase materials; to 
manufacture materials with dense, porous or a combination of dense and porous 
structures; to manufacture composite, multilayer and compositionally graded 
structures; to produce thin or thick films; for rapid prototyping of net shape and near 
net shape components; or to coat planar or tubular substrates or other complex shaped 
components. The process can be scaled up for large area or mass production. This 
can be achieved using multiple flame / electrostatic units. For accurate deposition 
and process control, the process can be automated. 

Conductive or non-conductive substrates can be used. For non-conductive 
substrates, the conductivity can be improved by having a conductive backing holder. 

The process can be performed in an open atmosphere or in an inert / 
controlled atmosphere. For example, oxide-based structures can be deposited in an 
open atmosphere, or non oxides such as sulphides, carbides etc can be produced in 
a controlled atmosphere. Deposition can take place at atmospheric or a different 
pressure. 
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The chemistry of the precursor(s) can be adjusted so that once the chemical 
reaction starts to take place, a self-assisted reaction occurs. This can reduce the 
requirements for fuel while still achieving the required deposition temperature for a 
particular material. 

5 The electric field helps to reduce the loss of precursor to the surroundings by 

directing the precursor to the deposition surface, a clear advantage over conventional 
flame-based techniques. 

The deposition can be controlled by one or more of the following: the flow 
rate of the cold gas; the electric field strength; the fuel and its flow rate; the 

10 separation of the nozzle assembly from the substrate; the chemistry, concentration and 

flow rate of the precursor; and the deposition pressure. 

Embodiments of the invention allow the use of simple, flexible and/or mobile 
equipment. The process can be relatively safe by the use of sol precursors and/or 
water based precursors. The process can give rise to an advantageously low flame 

15 / deposition temperature for crystalline materials (e.g. 550-800°C for Y 2 0 3 -Zr0 2 ). 

Dense films tend to require a sol precursor, whereas porous films may be based on 
sol or water based precursors. The consumption of precursor can be relatively low, 
e.g. 1 ml of 0.05M solution to generate a 1 micron film measuring 1cm x 1cm. The 
process can be a single step without the need for a subsequent heat treatment. 

20 Powders can be formed by allowing the precursor's chemical reaction to solid 

to take place above the substrate. The substrate is then deposited with discrete 
powder particles which can be collected later from the substrate surface. Powder 
generation can be improved by employing gas condensation techniques and a cooled 
collecting substrate. 

25 In a further embodiment, the substrate can be mounted on a moveable table 

or XY positioner (not shown) under the control of, for example a computer aided 
design (CAD) system (not shown) to allow a three dimensional object to be 
constructed layer by layer. This can be used in, for example, rapid prototyping 
systems. 
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CLAIMS 

1. A method of depositing a material on a substrate, the method comprising the 
steps of: 

(a) passing a precursor liquid through an outlet to generate a stream of 
droplets of the precursor liquid directed towards the substrate; 

(b) applying an electric field between the outlet and the substrate; and 

(c) generating a flame between the outlet and the substrate so that at least 
a portion of the stream of droplets of the precursor liquid from the 
outlet pass through the flame before reaching the substrate. 

2. A method according to claim 1 wherein the material is a ceramic material. 

3. A method according to claim 1 or claim 2 wherein the material is a 
multicomponent oxide material. 

4. A method according to any one of the preceding claims, comprising the step 
of: 

(d) heating the substrate. 

5. A method according to any one of the preceding claims, in which the 
precursor liquid is a sol precursor solution. 

6. A method according to any one of the preceding claims, comprising the step 
of moving the substrate and/or the outlet during deposition so that a three-dimensional 
structure is deposited as a series of overlying deposited layers. 

7. A method according to any one of the preceding claims, comprising 
controlling a region of deposition by varying one or more of the rate of flow of fuel 
to provide the flame, the separation between the outlet and the substrate and the 
electric field between the outlet and the substrate. 
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8. A method according to any one of the preceding claims, comprising the step 
of providing a flow of cold gas in a direction from the outlet towards the substrate. 

9. Apparatus for depositing a material on a substrate, the apparatus comprising: 

(a) an outlet; 

(b) a precursor supply operable to pass a precursor liquid through the 
outlet to generate a stream of droplets of the precursor liquid directed 
towards the substrate; 

(c) an electrical supply for applying an electric field between the outlet 
and the substrate; and 

(d) a burner for generating a flame between the outlet and the substrate so 
that at least a portion of the stream of droplets of the precursor liquid 
from the outlet pass through the flame before reaching the substrate. 

10. Apparatus according to claim 9, comprising a coaxial outlet assembly having 
a plurality of coaxial outlets, one of the coaxial outlets carrying the precursor liquid 
and another of the coaxial outlets carrying fuel to provide the flame. 

11. Apparatus according to claim 10, in which another coaxial outlet is arranged 
to carry a flow of cold gas. 

12. Apparatus according to claim 10 or claim 11, in which the precursor liquid 
is carried by a central outlet of the coaxial outlet assembly. 

13 . Apparatus according to any one of claims 9 to 12, comprising a mesh disposed 
between the precursor liquid outlet and the substrate. 

14. Apparatus according to any one of claims 9 to 13, comprising an electrode at 
an electric potential between the potential of the precursor outlet and the potential of 
the substrate and disposed between the precursor outlet and the substrate. 



15. Apparatus according to claim 14, in which the electrode is an annular 
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electrode. 

16. Apparatus according to any one of claims 9 to 15, comprising a positioner for 
altering the relative position of the precursor outlet and the substrate. 
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422Rec'd PCT7PT0 0f JUN 2000- J 

MATERIAL HEPOSITTON 

. ^sr* ° — 1 - - * - ■ - - <- - 

The application of materials such as era™,-,. 
« u . t ceramics as structural coatui°s and 

as herrucal vapour deposiuoo (CVD)> 

^es,s deposit (FSD) , combustlm ^ < * 

S^eposmoo have Ueu developed or investigated. ' °' 

Both CVD and PVD 15chniques ^ i£ ^ of 

cheers ^ vacuUffi systcms ^ Ucadon »« 
«^,ues to deposit ceramic fltas „ , imhed o MaiiDe pm ° 
duchesses M d coatmg areas arc relatively small. 

IUs often difficult «o control the stoichiometry of multicomponen, oxide fflm, 
deposed hy CVD , echniq „ es , md probIms ^ 

vapour pressures of the CVD reagents and the low growth rate of CVD filing 
PVD techniques such as radio fluency (Rp, sputeti , end t<j 
deposition rates and poor vield, „„,4 •• 

Soutterin, „ „ C magnC,iC S P U,terta S *" d i°" <>«rn 

spurterrng need expensive equipment and sJcUIed operators 

propert.es which arc dependent on the of Jh , stlv _ 

c^ g concentration, to carrier gas flow ^ ^ ^ 

vanab.es ,o achieve a desired coating is difficult 

565202, « ? « , J °»**>«*>1. OB-A-2,o2 8 61, E P-A-O,035O 5 , US-A- 

5O52021, US-A-5534JII andSE-A-9504410. 

which !T 'T*" ad<lteSSeS Pr0b ' emS ^ * 
whtch at leas, aileviates some of the disadvantages of the prior art 

eomoti-tnTrT^ 00 " 2 me,h ° d ° f ***** ^ « * 
subsfrate, and generahug a Same between the o„Ue, artd the substrate such that at leas, 
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a portion of the stream of dronlets nf rh^ 

W . . P ° f the P rec ^or liquid passes through the flame 

before reaching the substrate and the precursor h ■ 

s»e, co mpnsmg .. . subsMt= hoId£r &r ho|din a su 
■Dcludmg an outlet from which a stream of i™!^ f 

deliver-d ,„ , P ° f a P rec ^O"- liquid is in use 

JT« 1 . ' 3 m SUPP ' y ^ — S * ™ ^ - *■ 

and th T " ^ ^ aPPlying ^ ^ between the oud-i 

and the substrate; and a burner for generating a fl, u 

sub s tr- te t, ■ 8-neratmg a flame between the outlet and the 

substrate and beuig configured such that in use at W * Mrt - ' , , 
dmniM, n r,L d P omor * of the stream of 

droplet* of the precursor liquid passes through th, fi 

anri Thf . ? ^ the flame befor « reaching the substrate 

In a preferred embodtment the material is a cerarmc material 
embed PrOVid " 3 KCM ^ *» « preferred 

:*r r oivcs spra ™ g " p ™ . * 
T a chaieed aeroso1 wh,ch — - — — 

.eac Mn » tte vapou . phase fa th= ^ ^ ^ 

formats of a ^ S o lid fita .ith g ood to me substote 

Thts mverttion will no w be described, fc, ,.„,.,„ „ . 

to trie accompanying drawing, throughout which Tiv. 
. w ^ uut wmctl parts are described by Hi:- 

— . tiTi rr a deposwon a ~ < 6 ™ * — 

passaee 30 for ' ' 20 ' * to 

a by Choy m Flame A SSls ted Vapour Deposition of Ceramic 
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Films and Coatings", British Ceramic Proc-edinP, th r ■ 

pages 65 to 74. Proceedings, The Institute of Materials (1995), 
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rue, suc^ T,T " e ' ^ ° rOXy8en ^ ""^ « ap proprilt e 
fuel, such as fuels known from FSD techniques. 

' assent ^V 0 '^ " " *e „o 2zl e 

« 0 ana a su Bs tt a te 50. Ine noteotia, difference m a y bs . foc ^ ^ 

70 Generated ^ " *° *" M ^ =°"^*°» -P- 

the I: T ^ COrabUS ' i0 ' , "*» «» * — * controL 

ra ' eOfCOldSaMS ' Dth =P^«30,a„ (iA e app , iedeleccricfil:ld 

& : m r 1 : g -;rr ° ver,ap zonc b — - — ° f 

Do»«r " 317 20 2,1:1 =°n,teUon region 70 

zhtjt 1 as d ~ ,ibed ibov " ,hs depositi ° n •» *■ -*•«■ 5 » - * 

Tpsd H T" reaC " 0n M 13 a P ro W em in m an y pri or 

« FSD *chn.aues ieading t o non-unifo™ deposit can be avoided. 

. hither pn^aatv^f^u^hin ^c„i.a,_. 
altematina fww ' , ™ "^'^ w a P^ocucally or occasionally 

alternating field can be employed A the™, . 

temnp „ h - u P 7 A thK *n°c°upIe can be used to monitor the 

temperature of the substrate 50. 

The apparatus preferably includes a mesh 90 w h,Vfc • ♦ • 
from the fl-m,. j h assists m amoving soot 

from the flame and so provide a high temperature (blue) flame 

the bigh^o,™ * " 1 ^ ™*" 100 connected to 

area of the substrate 50. " ^ ^ * ^ sd 

Howe^Lr^" ^ aPPHCab,e t0 PremiXCd ™ ~ 

th -^Z^ ^ *~ ~ — -trol of 

posmon temperatoe ^ ^ . n avoiding premamrc decQmpos . 
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aU, ,o ^ purc , dopadi muWcomponMt m 
manutacture materials with dense norous „, u- • 

stru-rur-,. , . ^ ' ° r a c ° mb ^«°° °f dense and porous 

™' » — composite, multita,,, and compositional^ 
5 «e S ; to produce tWn Qf ^ flfas; for iapM protowing ^ ^ J 

n . shape components; or ,o coa t pW o r tubular ^ s or other comply shaped 

components. pu 

mu,t, pI e flam.eiectrostatic unirs. Fof „ ^ 
10 process can be automated. 

suhs« t ThC r bStrltC 50 CM 18 " ™^e. For „o„-conduc„ve 

subsh-ates the conduct Cln ^ faproved by ^.^ ^ ^ 

. The techntoue can be performed i„ m open ataosphsre „ ^ m 

.nert/controlied atmosphere. For exampU , oxide . based ms _ ^ 

an opeuatmosphere, and „o„. oxidc statutes, such as sulphides, carbides, etc. can he 

*po«W m a controiled atntosphere. Deposition can tafce place at atmospheric or a 

different pressure. 

The chemistry of the precursors can he adjusted so tia, once the chemical 
reacuon «arts to take pUce, a self-assisted reaction occurs. This can reduce the 
re,u_ for „e>, „hi,e s ti„ ae W e ving the reared deposition temperature for a 

The electric field reduces the loss of precursor to the surroundings by directing 

of the dspo r° can 55 coMr ° u=d w ° ne ° c m ° re ° f *• - 

of the gas; the e.ecttic 0e,d strength; the fuel and its flow rate; the separation of 
*e nozzie assembly from the suhsfrate; the chemise, concentration *td flow rate o 
the precursor; and the deposition pressure. 

> ecuipmeT tr m l 0f ^ ^ ^ « ° f «^ ™«* 

~ I CU ^ ^ reb *= ly «* * «» - of so, precursors 

He'd Pr ° CCSS "» "» * - advantageously low 

^deposttron temperature for crys^line materials, for sample ta slo to S 00 «c 
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! , ; ZA ' De °" fi '" S tod » • «* P™, whereas porous films m av 

oe based on so, or *, based precursors. n= con51mp(ion rf ' 

e.a.,ve, y low , for exatspie, I oil of 0.05 M solutior, to generate . , , ra flIm 

5 the need for a subsequent heat treatment. 

Powders caa be formed by providing for the chemical reaction of the precursor 
to the soitd phase to ptacc abov4 ^ ^ ^ ^ ^ 

subs.a te 50 is deposited with discrete powder panides which ca „ bs Ia ,„ ^ 
Powder generation can be Unproved by emptying gas condensation teduuoues and a 
L0 cooled collecting substrate. 

In a further embodiment, the substrate 50 can be mounted on a movable table 
or XY poster under the control of, for example, a computer ai ded design (CAD) 
. sysxem to allow three-dimensionad objects to be _ted [ayer by layer . ^ can 
be used in, for example, rapid protoryping systems. 
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CLAIMS 

A method of depositing material on a substrate, comprising the steps of 
de->vc riag &om „ outkt . ^ rf ^ rf ^ ^ ■ 

substrate; 

applying an electric fie.d between the outlet and toe substrate and 
g-tafog a flame between the outlet and the substrate such that a, leas, a 
° f " Mn ° f ^ hlS ° f *= cursor liquid passes through the 
flame before reaching the subsfrate and the prec^or liouid is chemical 
reacted and/or decomposed to provide the deposited material. 

The method according ,„ e, aim , , whereill ^ ^ ^ 
<* step of delivering from a second outlet an annular flow of fuel about the 
stream of droplets such as to provide aa annular flame combustion region 
trough which a, ieast the portion of the s«eam of dro pl ets passes before 
reaching the substrate. 

The method according to claim 2, wherein the annular ' flow of &e l is a 
diverging flow. 

The method according to claim 2 or 3, wi^d^^^^^.^^. 

coaxial. 

The method according to any of dairns I to 4, wherein tie stteatn of droplets is- 
prov,ded as a diverging spray. 

The memod according to any of claims i to 5 , ^ comprising ^ 

o,Uvenng a flow of cold gas in the direcrfon fiorn the flxst outlet towards the 

substrate. 
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7- The method according to claim 6 when appendant upon claim 2, wherein the 
flow of cold gas is delivered from a third outlet as an annular flow about the 
stream of droplets and within the annular flow of fuel. 

5 8. The method according to claun 7, wherein the first and third outlets are coaxial. 

9. Tie method according to any of claims 1 to 8, wherein the material is a 
ceramic material. 

10 10. The method according to any of claims 1 co 9, wherein the material is tt 
multicomponent oxide material. 
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11. 



13. 



14. 



The method according to any of claims 1 to 10, further comprising the step of 
heating the substrate. 



12. The method according to any of claims I to 11, wherein the precursor liquid is 
a sol precursor solution. 



The method according to any of claims 1 to 12, further comprising the step of 
moving one or both of the substrate and the first outlet during deposition so as 
^fe-fec^uimensionai structure as a series of overlying layers. 



..t^,*l. 



The method according to any of claims 1 to 13, further comprising the step of 
controlling the region of deposition by varying one or more of the rate of flow 
of the fuel, the separation between the first outlet and the substrate and the 
electric field between the first outlet and the substrate. 



15. The method according to any of claims 1 to 14, wherein the material is 
deposited as a powder and the chemical reaction and/or decomposition occurs 
->0 away from the substrate. 
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The method according to My of Cairns I to 14< whcreiB ^ materfa] ^ 
deposited as a solid fUm and me chemical reactmn ^ dec0mp0Sltl0n 
occurs in the vicinity of the substrate. 

An apparatus for deposing material on a substrate, comprising: 
a substrate holder for holding a substrate; 

a nozzle asse m b ly including an outlet from ^ a ^ ^ ^ ^ 

precursor liquid is in use delivered to a substrate; 

a precursor supply for supplying a precursor liquid to the nozzle assemblv 

an electneal supply f or appIy{ng ^ ^ ^ ^ ^ ^ ^ 

substrate; and 

a burner for gracing a flame betwecn ^ out|et ^ ^ ^ ^ 

confined such 4a, in use a. ieas, a portion of ,he stream of droplets of Z 
precursor liq uid pa,,., through ^ ^ ^ ^ ^ ^ 

precursor Uouia is chemi caUv reacted ^ deposed ,o provide the 
deposited material. 



18. 
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The apparatus according to claim 17, wherein the burner is provided by the 
nozzle assembly and the nozzle assembly includes a second outlet from which 
— n uc-e ueuvered such as to provide an annular flame 
combusts region through which at least the portion of the stream of droplet, 
passes before reaching the substxate, and further comprising a fuel supply for 
supplying fuel to the nozzle assembly. 

The apparatus according to cLaim 18, wherein the &st and second outlets are 

coaxial. 

The apparatus according to claim 18 or l% fe ^ ^ 

comprises a third outlet disposed between the fust and second outlets Mom 
which an annular flow of cold gas is in use delivered. 
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21- The apparatus according to claim 20, wherein the fus t and third outlets are 

coaxial. 

22. ■ The apparatus according to any of claims 1 8 to 2 1 , wherein the first outlet is a 
central outlet. 



23. The apparatus according to any of claim q 17m?t fi rf u 

B oi naims l / to 22, further comprising a mesh 

disposed between the first outlet and the substrate. 

10 24. The apparatus according to any of claims 17 to 23, further comprising an 
electrode at an electric potential between the potential of the first outlet and the 
substrate and disposed between the First outlet and the substrate. 

25. The apparatus according to clakn 24, wherein the electrode is an annular 
1 ^ electrode. 



26. The apparatus according to any of claims 17 to 25, further comprising a 
positioner for altering the relative position of the first outlet and the substrate. 

20 27. The apparatus according to any of claims 1 7 to 26, where configured such that 

the ch(^ical.jDw^cw^nd/or.;W»e» a »«.^w < ,^^. 4 . 

~ ^^^^vur^wAa-'-aw^'jaronr-tuc-^usiraxe so 

as to provide the material as a powder. 



25 



28. The method according to any of claims 1 7 to 26, where configured such that 
the chemical reaction and/or decomposition occurs in the vicinity of the 
substrate so as to provide the material as a solid film. 
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